Abstract
212
We labelled the environment in which selection occurred as 'home' and the other (alternative) 213 environment(s) as 'away.' The presence of the common ancestor as the reference against which 214 fitness gains or reductions could be tested allowed us to differentiate between ecological 215 specialization and costs of adaptation. We studied trade-offs and ecological specialization from 216 three major conventional perspectives:
217
(1) If fitness trade-offs exist between two environments, selection is expected to result in strong 218 negative correlations in fitness across them (Kassen, 2014) . Therefore, we determined if 219 relative fitness in Galactose (henceforth "Gal") had a significant negative correlation with 220 relative fitness in Thymidine (henceforth "Thy").
221
(2) We also determined if our experimental populations paid significant costs of adaptation. To 222 this end, we first established whether our experimental populations had adapted significantly 223 to their home environment (Thy for TL/TS and Gal for GL/GS). Next, we determined if the 224 populations had maladapted significantly to their away environment (Gal for TL/TS and Thy
225
for GL/GS). For this, we normalized all fitness values in a given environment by the ancestral 226 fitness in the corresponding environment, which is equivalent to scaling the ancestral fitness 227 value to 1 (Kassen, 2014). We then used single sample t-tests to ascertain if the fitness of a
228
given population type differed significantly from the ancestor. We corrected for inflations in 229 family wise error rate using the Holm-Šidák procedure (Abdi, 2010). We also computed (Cohen, 1988 norm, revealing significant specialization across the environmental pair in question (Fig. 1) .
279
We performed this procedure for each of the four population types to determine if 280 specialization had occurred across the six home-away pairs under consideration.
281
We also compared the reaction norm slopes of each of the four population types with that of 282 the ancestor across all the home-away pairs under consideration. To this end, we conducted 283 single sample t-tests against the ancestral level (ancestral reaction norms have zero slope),
284
followed by correction for family-wise error rates using the Holm-Šidák procedure.
285
To further study how population size affects the specificity of adaptation, we determined if the We found a strong negative correlation between fitness in Gal and fitness in Thy ( Fig. 2; 
295
Spearman's ρ = -0.744; P = 3.04 × 10 -5 ). This negative correlation revealed that the fittest type
296
in Gal was never the fittest type in Thy (compare Fig. 2 with Fig. S1 ), which implied the 297 occurrence of ecological specialization in our experimental populations. 
318
We also found a significant main effect of the home environment (F1,15 = 176.969, P = 1.044 319 ×10 -9 , η 2 = 0.921 (large effect)). Importantly, we did not find a significant population size × 320 home environment interaction (F1,15 = 0.102, P = 0.753).
321
We found that evolution in Thy resulted in significant costs of adaptation in case of both large
322
(TL) and small (TS) populations ( Table 1 ). Thus, the GS populations did not pay any costs of adaptation.
328
Hence, larger populations paid significant costs of adaptation in both the environments, but the 329 smaller ones did so only in one of the two environments under consideration.
330
Next, we determined if larger populations also had a higher magnitude of loss in relative fitness with P < 0.05 were also found to have large effect sizes (See Table S1 ).
347
Overall, larger population adapted more to their home environments while paying greater costs 348 of adaptation. This made them significantly more maladapted to the away environments.
349
Thus, as compared to the small populations, the large populations lost more Fitnessaway. We 
374
First, we determined whether our experimental populations had specialized significantly to 375 their home environment. Following a previous study (Fry, 1996) , we identified the evolution 376 of specialization as the intersection of the reaction norms of the descendant treatments with 377 that of the ancestor (Fig. 1) .
378
On the one hand, the TL and TS populations had significantly greater fitness than the ancestor 379 in their home environment (Table 1) . On the other hand, the TL and TS populations had lower 380 fitness than the ancestor in all the three away environments under consideration (Table S1 ).
381
This reveals that the average reaction norms of both TL and TS populations intersected with 382 the ancestral norms across all the three environmental pairs under consideration (T-Gal, Thy-
383
Mal, Thy-Sor) (Fig. 4a) . Hence, both the TL and TS populations had specialized significantly 384 across all the three home-away pairs.
385
The large populations evolved in Gal (GL) had adapted significantly to their home 386 environments (Table 1) . Furthermore, the relative fitness of GL was not significantly greater 387 than the ancestor in any of the three away environments (Table S1 ). Combining these pieces 388 of information, GL populations specialized significantly (i.e., the fittest type in home 389 environment was not the unambiguous fittest type in the away environment) across all the three 390 home-away pairs (Gal-Thy, Gal-Mal, Gal-Sor) (Fig. 4b) . Interestingly, the small populations any of the four environments under consideration (Table S1 ). This implies that the GS 393 populations did not specialize significantly across any of the three home-away pairs under 394 consideration (Fig. 4b) . that the corresponding ecological specialization was not significant (see Table S1 and the text Amongst the Thy-selected populations, we found that both the large (TL) and small (TS) 407 populations evolved significantly greater reaction norm slopes than that of the ancestor (i.e.,
408
reaction norm slope = 0) ( (Fig. 5a , Table S2 ). Amongst the Gal-selected populations, we found that the GL populations had significantly 421 steeper reaction norms than the ancestor across all the three home-away pairs under 422 consideration ( Fig. 5b ; Table S2 ). However, the reaction norm slopes of the GS populations
423
were not significantly different from that of the ancestor across any of the three home-away 424 pairs ( Fig. 5b ; Table S2 ).
We further determined if larger populations had steeper reaction norms than smaller together, the direct effects of beneficial mutations that drove adaptation in our study (in TL,
504
TS, and GL, but not in GS) are expected to be greater than those reported in Ostrowski et al., 
513
We briefly note that although maladaptation to the away environments can potentially be 
522
Our study shows that when the environment remains constant for long periods, adaptation in 523 larger numbers can make populations more specialized to this environment. This relationship between population size and ecological specialization has many important implications. 
807
As shown schematically in Fig. 1 
823
Specialization happens when the fittest genotype in one environment is not the fittest genotype 824 in another environment. We consider specialization across two environments (E1 and E2) here.
825
The grey populations evolved only in E1 while the black populations evolved only in E2. The 
